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1. Introduction 
Proteins of the hair follicle have been studied exten- 
sively [ 1,2]. However, attention has mainly been 
focused on keratin, a giant molecule that forms >90% 
of the dry weight of hair, and which is insoluble in 
aqueous salt solutions. The water-soluble components 
of the hair have been generally neglected. In the^ hair 
follicle, -1% of the protein is water-soluble [3]. A 
new, simple method for hair protein fractionation 
was developed [3]. Combination of this procedure 
with scintillation autoradiography enabled detection 
of newly synthesized polypeptides in human hair fol- 
licles. Here, we show that one of the major compo- 
nents ofboth the water-soluble and -insoluble fraction 
from hair follicles is actin. We demonstrate that actin 
is newly synthesized when hair follicles are incubated 
under appropriate conditions. 
2. Materials and methods 
2.1. Chemicals 
L[35S]Methionine (spec. act. 1000 Ci/mmol) was 
purchased from the Radiochemical Centre (Amersham). 
Fetal calf serum was obtained from Sera Labs. (Sussex). 
DNase I recrystallized, from bovine pancreas (Sigma 
Chem. Co.), was used. Guanidine-HCl was acquired 
from Merck. Sepharose 4B was purchased from 
Pharmacia (Uppsala). Cyanogenbromide was obtained 
from Kodak. 
2.2. Hair protein fractionation 
Human hair follicles were plucked from the scalp 
and only those in the anagen phase with visible bulb 
and sheath were used. They were labeled with [35S]- 
Elsevier/North-Holland Biomedical Press 
methionine (10 /&i/ml labeling medium: Dulbecco’s 
Modified Eagles Medium with amino acids except for 
methionine, supplemented with 50 pg/ml gentamycin 
and 1% dialyzed fetal calf serum). A water-soluble 
protein fraction was extracted from the hair follicles 
by S-times freezing (-20°C) and thawing in water. The 
obtained suspension was centrifuged at 15 000 X g and 
the supernatant was used as watersoluble protein frac- 
tion. A urea-soluble protein fraction was obtained by 
extracting the remaining material with 8 M urea for 
15 min at room temperature. The suspension was cen- 
trifuged at 50 000 X g for 30 min and the supernatant 
was used. 
2.3. Affinity chromatography of hair follicle actin on 
DNase I-Sepharose 48 
A DNase I-Sepharose 4B column was prepared by 
activation of 2.5 g Sepharose 4B with 4 g cyanogen- 
bromide. DNase I (20 mg) was added to the activated 
slurry and stirred overnight. After a thorough washing 
of the DNase-substituted Sepharose, 5 ml slurry was 
poured in a column and prewashed with 4 M guanidine- 
HCl, 0.5 M sodium acetate, 3% glycerol, followed by 
0.01 M Tris-HCl (pH 7.5), 5 mM CaClz [4]. The 
water-soluble fraction of hair follicle proteins was 
applied to the column. Unabsorbed material was washed 
off at a flow rate of 2 ml/5 min with 0.01 M Tris-HCl 
(pH 7.5), 5 mM CaCl*. The absorbed proteins were 
eluted from the affinity column in two steps; 0.75 M 
guanidine-HCl, 0.5 M sodium acetate, 3% glycerol 
and 3.0 M guanidine-HCl, 1 .O M sodium acetate, 
30% glycerol, respectively. The fractions obtained 
from the column were dialyzed against distilled water 
and, after lyophilization, analyzed by polyacrylamide 
gel electrophoresis as for hair follicle proteins [3]. 
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2.4. Two-dimensional polyaclylamide gel electro- IF- 
phoresis 
Water- and urea-soluble proteins extracted from 
hair follicles were separated by two-dimensional gel 
electrophoresis as in [5] with slight modifications. 
Isoelectric focusing was done in 120 X 2 mm gels for 
16 h at 400 V and 1 h at 1000 V. Gels were removed 
from the glass tubes, equilibrated for 30 min at room 
temperature in 1 ml sample buffer (2% sodium 
dodecylsulphate (SDS), 5% /3-mercaptoethanol, 10% 
glycerol, 0.01% bromophenol blue), and transferred 
onto a SDS-polyacrylamide gel slab (120 X 150 X 
0.5 mm) [6]. IF- 
3. Results 
The water-soluble protein fraction from isolated 
human scalp hair follicles comprises -10% of their 
total protein content. Treatment of the remaining 
water-insoluble material with 8 M urea solubilizes a 
further 30% of the protein. The SDS-polyacrylamide 
gel electrophoretic pattern of both fractions is shown 
in tig.l(a,b). The water-soluble fraction is character- 
ized by 2 major components with app. Mr 3 1 000 and 
a b c d e c d’ e 
Fig.1. SDS gel electrophoretic pattern of water-soluble hair 
follicle protein (a) and urea-soluble hair follicle protein (b). 
Hair follicles were incubated in the presence of [35S]meth- 
ionine and extracted as in section 2. (c-e) Hair follicle pro- 
teins (water-soluble) at subsequent steps of actin purification 
by means of DNase I-Scpharose affinity chromatography: 
(c) unabsorbed material; (d) absorbed proteins, eluted by 
0.75 M guanidmeeHC1, 0.5 M sodium acetate, 30% glycerol; 
(e) absorbed protein, eluted by 3.0 M guanidineeHC1, 1.0 M 
sodium acetate, 30% glycerol. (c’-e’) Picture of an autoradio- 
graph of (c-e). Arrows indicate the position of the 45 000 
and 31 000 M, hair follicle proteins. 
b 
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Fig.2. Two-dimensional gel clectrophoresis of: (a) water- 
soluble hair follicle proteins; (b) urea-soluble hair follicle pro- 
teins; (c) hamster skeletal muscle proteins. The arrows indi- 
cate the position of actin. (Note the 2 isoelectric forms of 
G-actin in (a).) 
45 000. Co-electrophoresis of this protein fraction 
with several purified protein preparations revealed a 
comparable M, for skeletal muscle actin and the 
45 000 component in the water-soluble fraction. 
Additional characterization was performed by affinity 
chromatography on a DNase I-Sepharose column. 
The water-soluble protein fraction was applied to the 
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Pig.3. SDS gel electrophoretic patterns of 50 microdissected 
hair follicles. (A) Water-soluble proteins from hair bulb (a), 
elongation zone (b), hair sheaths (c) and hair shaft (d). (B) 
Urea-soluble proteins from the hair follicle fractions after 
extraction of the water-soluble proteins shown in (a). Arrows 
indicate the position of the following marker proteins (Mr): 
bovine serum albumin (67 000); ovalbumin (45 000); calf 
lens pBla (32 000). 
column and eluted as in section 2. Fig.l(c-e) shows 
the eluted proteins at different concentrations of 
guanidine-HCl. It is evident (cf. fig. l(e)) that the 
4.5 000 M, polypeptide is specifically bound, showing 
that it is, at least by this criterion, indistinguishable 
from actin. Newly synthesized hair follicle actin 
behaves identically (cf. fig. l(e) and 1 (e’)) as the native 
protein. 
Also in the urea-soluble protein fraction a 45 000 
iVr band is present (see fig.lb). Since it is known that, 
as a rule, actin occurs both in a water-soluble (G-actin) 
and a water-insoluble form (F-actin), attempts were 
made to verify the nature of the 45 000 Mr band in 
the urea-soluble fraction. Two-dimensional electro- 
phoresis with isoelectric focusing in the first direction 
reveals that both the water-soluble and the urea-solu- 
ble fraction contains a 45 000 Mr polypeptide with 
identical isoelectric point (fig.2(a,b)). For comparison 
in fig.2(c) a two-dimensional electropherogram of 
hamster skeletal muscle protein is also shown. 
SDS-polyacrylamide gel electrophoresis of the 
water- and urea-soluble proteins from different parts 
of the hair follicle (bulb, elongation zone, sheath and 
shaft) (see fig.3) demonstrates that G-actin is more or 
less evenly distributed. On the other hand, F-actin 
appears to be mainly located in the elongation zone. 
The actin nature of the 45 000 M, band in different 
water-soluble and water-insoluble fractions was de- 
monstrated by two-dimensional electrophoresis. More- 
over, in a comparative isofocusing electrophoresis 
experiment we demonstrated that skeletal (a) actin 
migrates ahead of hair follicle actin (not shown). 
4. Discussion 
In hair follicle cells, as in most eukaryotic cells, 
actin occurs in two different molecular forms, one 
being soluble in water, the other comprised within 
highly polymerized water-insoluble complexes. As 
judged by isoelectric focusing hair follicle actin can 
be distinguished from that found in muscle cells. 
Whether the insoluble actin constitutes the 7 nm 
filaments, or together with other protein cofactors 
participates in the formation of stress fibers or other 
filamentous structures in the hair follicle, has to be 
established. Another intriguing question is related to 
the presence of water-soluble G-actin which seems to 
be rather abundant with respect o the insoluble form. 
In other biological systems the soluble pool ensures 
the dynamic properties of the cytoskeleton, in partic- 
ular involved in cellular shape and movement. 
The actin distribution in cultured skin fibroblasts 
of patients suffering from carcinoma of the colon and 
rectum seems to be associated with inherited pertur- 
bation of the motility proteins in particular actin [7,8]. 
These results and our method allowing in vitro cul- 
ture of hair follicle cells [9,10] may provide a useful 
tool for further studies on motility proteins in human 
epithelial cell lesions potentially involved in carcino- 
genesis. Many human neoplastic processes, among 
which adenomatosis of the colon and rectum, have an 
epithelial origin. 
Epithelial culture systems useful for these studies 
have been rarely available. The ‘feeder-cell’ technique 
for cultivation of skin keratinocytes was developed in 
[ 111. However, this system has the disadvantage that 
two types of living cells are present in the same cul- 
tures, hampering discrimination of various biochemi- 
cal parameters of the cells. Our human hair follicle 
cell culture system mentioned above might be more 
satisfactory due to its exclusive epithelial nature. 
107 
Volume 127, number 1 FEBS LETTERS May 198X 
Acknowledgements 
The authors wish to thank Professor E. L. Benedetti 
(Institut de Biologic ~oleculaire de CNRS et de 
1’UniversitC Paris 7, Paris, France) for critically reading 
the manuscript. This investigation was supported by 
The Netherlands Cancer Society (Het Koningin 
Wilhelmina Fonds). 
References 
[ l] Fraser, R. D. B., MacRae, T. P. and Rogers, G. E. 
(I 972) Keratins, their composition, structure and bio- 
synthesis, C. C. Thomas, Springfield IL. 
[ 2 J Jarrett, A. (I 973) in: The physiology and pathop~ysiol- 
ogy of the skin (Jarrett, A. edf vol. 1 ch. 6, Academic 
Press, London, New York. 
[3] Vcrmorken, A. J. M., Weterings, P. J. J. M. and 
Bloemendal, H. (1978) Mol. Biol. Rep. 4,21 I-216. 
[4] Kibbelaar, M. A., Se&en-Versteegen, A. M. E., Dunia, 
I., Benedetti, E. L. and Bloemend~, H. (1979) Eur. J. 
Biochem. 95,543-549. 
(51 O’Farrell, P. H. (1975) J. Biol. Chem. 250,4007-4021. 
[6] Laemmli, U. K. (1970) Nature 227,680-685. 
(71 Pfeffer, L., Lipkin, M., Stutman, 0. and Kopelovich, L. 
(1976) J. Cell. Physiol. 89, 29-38. 
[S] Kopelovich, L., Conlon, S. and Pollack, R. (1977) Proc. 
Natl. Acad. Sci. USA 74, 3019-3021. 
[9] Weterings, P. J. J. M., Vermorken, A. J. M. and 
Bloemendal, H. (1980) Mol. Biol. Rep. 6, 153-158. 
[lo] Weterings, P. J. J. M., Vermorken, A. J. M. and 
Bloemendal, H. (1981) Brit. J. Dermatol. 104, l-5. 
[ 111 Rheinwald, J. G. and Green, H. (1975) Cell 6,331-334. 
108 
